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$EVWUDFW &RQMXJDWLRQ RI DSWDPHUV DQG WKHLU FRUUHVSRQGLQJ DQDO\WHV RQWR SODVPRQLF QDQRSDUWLFOHV PHGLDWHV WKH
IRUPDWLRQ RI QDQRSDUWLFOH DVVHPEOLHV PROHFXODUO\ ERXQG QDQRFOXVWHUV ZKLFK FDXVH D PHDVXUDEOH FKDQJH LQ WKH
FROORLG¶V RSWLFDO SURSHUWLHV ,Q WKLV SDSHU WKH RSWLPL]DWLRQ RI D VXUIDFH HQKDQFHG 5DPDQ VSHFWURVFRS\ 6(56
FRPSHWLWLYH ELQGLQJ DVVD\ LV SUHVHQWHG XWLOL]LQJ SODVPRQLF µWDUJHW¶ DQG PDJQHWLF µSUREH¶ QDQRSDUWLFOHV IRU WKH
GHWHFWLRQRI WKHWR[LQELVSKHQRO$%3$7KHVHDVVD\QDQRFOXVWHUVZHUHKRXVHGLQVLGHWKUHHW\SHVRIRSWRIOXLGLF
FKLSV SDWWHUQHG ZLWK PDJQHWLFDOO\DFWLYDWHG QLFNHO SDGV LQ HLWKHU D VWUDLJKW RU DUUD\ SDWWHUQ %RWK )H2 DQG )H&R2ZHUHFRPSDUHGDVSRWHQWLDOPDJQHWLFFRUHV IRU WKH VLOYHUFRDWHGSUREHQDQRSDUWLFOHV:HIRXQG WKDW WKH $J# )H2 SDUWLFOHV ZHUH RQ DYHUDJH PRUH XQLIRUP LQ VL]H DQG PRUH VWDEOH WKDQ $J# )H&R2 ZKHUHDV WKH DGGLWLRQRIFREDOWVLJQLILFDQWO\LPSURYHGWKHFROOHFWLRQWLPHRISDUWLFOHV8VLQJ5DPDQPDSSLQJRIWKHDVVD\KRXVHG
ZLWKLQWKHPDJQHWRIOXLGLFFKLSVLWZDVGHWHUPLQHGWKDWD[DUUD\RIPVTXDUHQLFNHOSDGVSURYLGHGWKHPRVW











XVHG WR GLDJQRVH RU PRQLWRU D SHUVRQ¶V FRQGLWLRQ DW WKH SRLQWRIFDUH 32&  2QH DUHD LQ
SDUWLFXODU LV WKHUHDO WLPHGHWHFWLRQRIDSDWLHQW¶VH[SRVXUH WRHQYLURQPHQWDOFDXVHVRIGLVHDVH
WKURXJK SRLQWRIFDUH GHYLFHV GXULQJ URXWLQH PHGLFDO YLVLWV   7KLV LV FRQVLVWHQW ZLWK WKH




VXFK DV ELVSKHQRO$ %3$ EXW FRXOG DOVR LQFOXGH SRO\FKORULQDWHG ELSKHQ\OV 3&%V DQG
SKWKDODWHVWKHLUPHWDEROLWHVDQGRUUHDFWLRQSURGXFWV
 ,W LV ZHOO UHFRJQL]HG WKDW VXUIDFHHQKDQFHG 5DPDQ VSHFWURVFRS\ 6(56 DFWLYH FROORLGDO
QDQRSDUWLFOHV KDYH EHHQ XVHG TXLWH VXFFHVVIXOO\ WR HQKDQFH WKH 5DPDQ FURVV VHFWLRQ RI D
PROHFXOHE\IDFWRUVRIRUPRUH)XUWKHUWKH6(56VLJQDOFDQEHREWDLQHGXVLQJUHJXODU
ORZ WR PHGLXPSRZHUHG ODVHUV P: ± : WR H[FLWHYLEUDWLRQDO WUDQVLWLRQV LQ PROHFXOHV
DGVRUEHGRQDURXJKPHWDOOLFW\SLFDOO\$JRU$XQDQRSDUWLFOHFRDWHGVXUIDFHDQGRULQDFROORLG










PLFURIOXLGLF FKDQQHO RU DOWHUQDWLYHO\XVLQJ D FRQWUROODEOHHPEHGGHG VROHQRLG7KLVSURYLGHV D
VLPSOH ZD\ WR H[FKDQJH EXIIHUV DXWRPDWH DVVD\ VWHSV RQ FKLS DQG UHYHUVLEO\ FRQFHQWUDWH RU
DJJUHJDWH IHUULF QDQR DQG PLFURSDUWLFOHV )RU H[DPSOH -DHEXP &KRR¶V JURXS KDV XWLOL]HG
PDJQHWLFPLFUREHDGV DQDORJRXV WR FRPPHUFLDOO\ DYDLODEOH7XUER%HDGV IRU DZLGHYDULHW\RI
6(56 ELRVHQVLQJ DSSOLFDWLRQV LQFOXGLQJ RQH HPERGLPHQW XVLQJ DSWDPHUFRDWHG JROG

QDQRSDUWLFOHV $X13V IRU GHWHFWLQJ WKURPELQ DQRWKHU XVLQJ D VROHQRLG PLFURIOXLGLF FKLS IRU




JURXSKDV DWWHPSWHG FRDWLQJ WKHLUPLFUREHDGV LQ VLOYHU LW KDV EHHQ VKRZQE\RWKHUV VXFK DV
3DUN &DUUROO *XYHQ DQG 'RQQHOO\ WKDW XVLQJ PDJQHWLF QDQRSDUWLFOHV FDQ VLJQLILFDQWO\
LPSURYHWKH6(56HQKDQFHPHQWRIWKHVHDVVD\VDQGWKXVLPSURYHXSRQWKHWKHRUHWLFDOOLPLWRI
GHWHFWLRQFDSDELOLWLHVRIWKLVDSSURDFK
 7KH PDJQHWLF QDQRSDUWLFOH DVVD\ SUHVHQWHG KHUH XWLOL]HV DSWDPHUV KLJK DIILQLW\ OLJDQGV
V\QWKHVL]HGIURPVKRUWEDVHSDLUVVV'1$IROGHGLQWRDWHUWLDU\VWUXFWXUHVHQVLWLYHWRWKH
VPDOO WR[LF PROHFXOH ELVSKHQRO$ %3$   7KHVH DUH LPPRELOL]HG RQWR D FRPELQDWLRQ RI
SODVPRQLFDQGPDJQHWLFQDQRSDUWLFOHVDQGKRXVHGLQDFRQYHQLHQWPDJQHWRRSWRIOXLGLFFKLSWKDW
FDQEHSUREHGXVLQJ6(56&RQMXJDWLRQRI WKH DSWDPHURQWRSODVPRQLFQDQRSDUWLFOHV ODEHOOHG
ZLWK D 5DPDQ UHSRUWHU PROHFXOH 550 ZKHQ LQWURGXFHG WR D VLOYHU FRDWHG PDJQHWLF
QDQRSDUWLFOH FRDWHG LQ %3$ DQDO\WH PHGLDWHV WKH IRUPDWLRQ RI QDQRSDUWLFOH DVVHPEOLHV
PROHFXODUO\ERXQGEXQGOHVRIVWDEOHFROORLGDOQDQRSDUWLFOHVZKLFKFDXVHDPHDVXUDEOHFKDQJHLQ
WKH  6(56 LQWHQVLW\  7R LPSURYH DQG VLPSOLI\ WKH GHWHFWLRQ RI WKH VPDOO WR[LF PROHFXOH
ELVSKHQRO$ E\ LWV DSWDPHU PXOWLSOH SODVPRQLF DQG PDJQHWLF QDQRSDUWLFOH FRPELQDWLRQV ZHUH




,Q WKLVSDSHU WKHRSWLPL]DWLRQRID ³6(56RII´  FRPSHWLWLYHELQGLQJ W\SHDVVD\ LVSUHVHQWHG
)LJXUH  WKDW XWLOL]HV D SODVPRQLF VLOYHU $J13 DQG VLOYHU FRDWHG PDJQHWLF QDQRSDUWLFOH
$J#013 IRU WKH GHWHFWLRQ RI WKH WR[LQ ELVSKHQRO $ %3$ 7KH DVVD\ VFKHPH LQYROYHV D
µWDUJHW¶ $J13 IXQFWLRQDOL]HG ZLWK WKH 5DPDQ UHSRUWHU G\H PDODFKLWH JUHHQ LVRWKLRF\DQDWH
0*,7&DQG%3$ELQGLQJ'1$DSWDPHUVERXQGYLDDWKLRODWHGKH[DHWK\OHQHJO\FRO+(*
VSDFHU )LJXUHE7KHVHSDUWLFOHV DUHGHVLJQHG WRELQG WR DYHUVLRQRI WKH WR[LQELVSKHQRO$
GLJO\FLG\O HWKHU %$'*( 3(*\ODWHG DQG LPPRELOL]HG RQWR D VHFRQG VLOYHU FRDWHG PDJQHWLF
¶SUREH¶QDQRSDUWLFOH )LJXUHFZKHUHELQGLQJDIILQLWLHVKDYHEHHQGHWHUPLQHGSUHYLRXVO\E\
0DUNVet al.
:KHQPL[HG WDUJHW DQGSUREHQDQRSDUWLFOHV FOXVWHU LQWR VPDOO FROORLGDOQHWZRUNV FUHDWLQJ
ORFDOL]HG µKRW VSRWV¶ RI HOHFWULF ILHOG DURXQG WKH 550V DW WKHQDQRSDUWLFOH LQWHUIDFH WKHUHIRUH
LQFUHDVLQJ WKH SRODUL]DELOLW\ RI WKH 5DPDQ UHSRUWHU ZKLFK LV REVHUYDEOH DV DQ LQFUHDVH LQ WKH
6(56 VSHFWUDO LQWHQVLW\ 7KLV ³6(56 RQ´ VSHFWUDO HQKDQFHPHQW FDQ WKHQ EH TXDQWLILDEO\
UHYHUVHGLH³WXUQHGRII´E\LQWURGXFLQJIUHH%3$WRWKHV\VWHPWRFRPSHWHZLWKWKHDSWDPHU
%$'*( LQWHUDFWLRQ FDXVLQJ WKHDVVHPEOLHV WR UHOHDVH WKH0*,7&WDJJHGQRQPDJQHWLF WDUJHW
$J13V 7ZR YDULHWDOV RI IHUULF QDQRSDUWLFOHV )H2 DQG )H&R2 ZHUH FRDWHG LQ VLOYHU DQG
FRPSDUHG DV SRWHQWLDO PDJQHWLF FRUHV IRU WKH SUREH QDQRSDUWLFOH 7KH WZR DVVD\V ZHUH ILUVW
FKDUDFWHUL]HGLQ³RQ´DQG³RII´PRGHXVLQJ'/6WRYHULI\WKHIRUPDWLRQRIQDQRSDUWLFOHQHWZRUN
DVVHPEOLHV 7KHQ WKH DVVD\ ZDV PRQLWRUHG RYHU WLPH E\ 5DPDQ VSHFWURVFRS\ LQ D VWDQGDUG
PLFURZHOOSODWHZKHUHDVVD\SDUWLFOHVDUHVXVSHQGHGLQVROXWLRQZLWKRXWPDJQHWLFPDQLSXODWLRQ
7KUHH GLIIHUHQW PDJQHWLF FKLS PRGDOLWLHV IRU KRXVLQJ WKH DVVD\ ZHUH H[SORUHG ZKHUH
SDUWLFOHVZHUHKRXVHGLQPLFURIOXLGLFFKLSVFDSDEOHRIPDJQHWLFDOO\ORFDOL]LQJWKHDVVD\FOXVWHUV






2.1 Materials and Instrumentation 
7KHPRGLILHG%3$DSWDPHU¶>7KL66@>+(*@&&*&&*77**7*7**7***&&7$*
**& &** &** &*& $&$ *&7 *77 $7$ *$& *7& 7&& $*&¶ ZDV V\QWKHVL]HG E\
,QWHJUDWHG '1$ 7HFKQRORJLHV 86$  +HWHURELIXQFWLRQDO 3(* OLQNHU 1+3(*6+ N'D
ZDVSXUFKDVHGIURP1DQR&686$0DODFKLWHJUHHQLVRWKLRF\DQDWH0*,7&UHSRUWHUG\HZDV
SXUFKDVHG IURP ,QYLWURJHQ 8. $OO RWKHU UHDJHQWV ZHUH REWDLQHG IURP 6LJPD $OGULFK
86$8.
$9DULDQ&DU\%LR899LVLEOH6SHFWURSKRWRPHWHUZDVXVHGZLWKDVFDQ UDQJHRI
 QP IRU H[WLQFWLRQ PHDVXUHPHQWV 7KH ]HWD SRWHQWLDO DQG K\GURG\QDPLF GLDPHWHUV RI WKH
QDQRSDUWLFOHVZHUHPHDVXUHGRQD=HWDVL]HU1DQR=60DOYHUQ8.$OOPLFURSODWH5DPDQ
DQG 6(56 VSHFWUD ZHUH FROOHFWHG XVLQJ D 7KHUPR6FLHQWLILF ';5 5DPDQ FRQIRFDO PLFURVFRSH
ZLWKDJPPJUDWLQJ6(56PDSSLQJRIWKHPLFURIOXLGLFFKDQQHOVZDVGRQHXVLQJD:,7HF
$OSKD 5 FRQIRFDO 5DPDQ LQVWUXPHQW :,7HF *PE+ 8OP *HUPDQ\ ZLWK D JPP
JUDWLQJ ILWWHG ZLWK D SLH]RGULYHQ ;<= VFDQ VWDJH $OO VDPSOHV ZHUH SUREHG XVLQJ D ODVHU
ZDYHOHQJWKRIQPDQGFRXSOHGWRDWKHUPRHOHFWULFDOO\FRROHGFKDUJHFRXSOHGGHYLFH&&'




YLJRURXV VWLUULQJ 6LOYHU QLWUDWH $J12 VROXWLRQ  P/  P0 ZDV DGGHG GURSZLVH DQG
VWLUUHGIRUPLQDWURRPWHPSHUDWXUH'\QDPLFOLJKWVFDWWHULQJ'/6PHDVXUHPHQWVUHYHDOHG













6LOYHUFRDWHG IHUULWH QDQRSDUWLFOHV $J#)H2 ZHUH SUHSDUHG XVLQJ D FRSUHFLSLWDWLRQ
PHWKRG IRU WKH V\QWKHVLV RI WKH SDUWLFOH FRUH DQG JOXFRVH UHGXFWLRQ WR FRDW ZLWK VLOYHU DV
GHVFULEHG E\ .XPDU et al.  DQG 0DQGDO et al. UHVSHFWLYHO\ %ULHIO\ D VWRFN VROXWLRQ RI
PDJKHPLWH Ȗ)H2 QDQRSDUWLFOHV ZDV SUHSDUHG E\ DGGLQJ  P/ RI DQ DFLGLILHG LURQ VDOW
VROXWLRQ0)H0)H0+&OGURSZLVHWRP/RI01D2+DW&XQGHU





$J12 7KH VROXWLRQZDV VRQLFDWHG IRU  PLQ WKHQ KHDWHG WR  & IRU  PLQ )LQDOO\ WKH
SDUWLFOHVZHUHFHQWULIXJHGWKUHHWLPHVWRZDVKDQGUHGLVSHUVHGLQP/RIP0VRGLXPFLWUDWH

2.3 Target and Probe Nanoparticle Conjugation 
Aptamer/RRM AgNP Target Synthesis: 
3ULRU WR LPPRELOL]DWLRQ WKH %3$ DSWDPHUV ZHUH VXVSHQGHG LQ D  P0 SKRVSKDWH EXIIHU
3%6S+ DQG WUHDWHGZLWKPJRIGLWKLRWKUHLWRO '77 WR UHGXFH WKHLU GLVXOILGHERQGV
$IWHU  K WKH DSWDPHUV ZHUH SXULILHG XVLQJ D 1DQRVHSV N'D GHVDOWLQJ FROXPQ WR UHPRYH
UHVLGXDO'77ZDVKLQJWKUHHWLPHVLQ03%6S+7KHDSWDPHUVZHUHWKHQKHDWHGWR
& IRU  PLQ WR DOORZ DQ\ FURVVOLQNHG '1$ WR GHK\EULGL]H WKHQ DOORZHG WR FRRO DW URRP
WHPSHUDWXUH IRU  PLQ WR DOORZ VXIILFLHQW WLPH IRU WKH DSWDPHUV WR IROG LQWR WKHLU WHUWLDU\
VWUXFWXUHDWWKHLUVWURQJHVWIROGLQJWHPSHUDWXUHRI7 &
7DUJHW $J13V ZHUH IXQFWLRQDOL]HG ZLWK DSWDPHUV XVLQJ D PRGLILHG PHWKRG GHYHORSHG E\
=KDQJHWDO7KHDSWDPHU0ZDVDGGHG WRP/RIVLOYHUFROORLGS0DWDPRODU
UDWLRRIDQGOHIWVKDNLQJIRUK7KUHH/DOLTXRWVRIP0FLWUDWH+&OEXIIHUS+
 ZHUH WKHQ DGGHG  PLQ DSDUW DQG WKH VDPSOH ZDV OHIW DQ DGGLWLRQDO  PLQ EHIRUH
FHQWULIXJLQJDQGUHVXVSHQGLQJWKHDSWDPHUIXQFWLRQDOL]HGSDUWLFOHV LQP/RI03%6S+
 7KH 5DPDQ UHSRUWHU PROHFXOH PDODFKLWH JUHHQ LVRWKLRF\DQDWH 0*,7&  0 LQ
PHWKDQRO ZDV WKHQ DGGHG DW D  UDWLR DQG OHIW WR UHDFW ZLWK WKH DSWDPHU $J13V XQGHU
VRQLFDWLRQIRUKZKLFKZHUHWKHQFHQWULIXJHGDQGVWRUHGLQD03%6EXIIHUS+

Analyte Ag@MNP Probe Synthesis: 
7R V\QWKHVL]H  P/ RI %$'*( IXQFWLRQDOL]HG PDJQHWLF QDQRSUREHV WKH 6+3(*1+
OLQNHUZDVDGGHGGURSZLVHWRDQH[FHVVRIWKHDQDO\WH%$'*(LQ03%6EXIIHUS+
DQG OHIW RYHUQLJKW WR DOORZ FRQMXJDWLRQ EHWZHHQ WKHLU WHUPLQDO DPLQH DQG HSR[LGH JURXSV
UHVSHFWIXOO\7KHFRQMXJDWHVZHUHWKHQWUHDWHGZLWKDPLQRHWKDQROWRRSHQXQERXQGHSR[LGHULQJV
DQG SUHYHQW QRQVSHFLILF ELQGLQJ RI %$'*( WR WKH 550¶V DPLQH JURXSV 7KHVH 6+3(*
%$'*( FRQMXJDWHV ZHUH WKHQ DGGHG DW D  UDWLR WR  P/ RI VLOYHU FRDWHG PDJQHWLF
QDQRSDUWLFOHVVWRFNVGLOXWHGWRS0$IWHUKWKUHH/DOLTXRWVRIP0FLWUDWH+&O
EXIIHU ZHUH DJDLQ DGGHG  PLQ DSDUW DQG WKH VDPSOH ZDV OHIW DQ DGGLWLRQDO  PLQ EHIRUH
FHQWULIXJLQJDQGUHVXVSHQGLQJWKH%$'*(IXQFWLRQDOL]HGSDUWLFOHVLQP/RI03%6S+

2.4 Analysis of competitive binding assay in a microwell 
$OOPLFURZHOOPHDVXUHPHQWVZHUHFROOHFWHGXVLQJWKH7KHUPR6FLHQWLILF';55DPDQZLWK
DVSHFWUDOUDQJHIURPFP LQDWRWDOYROXPHRI/LQ03%6S+EXIIHU
ZLWKDQPODVHUSRZHURIP:DQGDQ LQWHJUDWLRQ WLPHRIV [VH[SRVXUHV$
VROXWLRQFRQWDLQLQJHTXDOYROXPHVRIS0RIHDFKRIWKHWDUJHWDQGSUREHQDQRSDUWLFOHVZDV
PRQLWRUHGZLWK6(56IRUKWRDOORZFRPSOHWHELQGLQJEHWZHHQWKHLPPRELOL]HG%3$DSWDPHUV








2.5 Fabrication of Ni-patterned magnetic microchannel 
(DFKPDJQHWRIOXLGLF6(56FKLSLVFRPSRVHGRIDQPWKLFNGHSRVLWHGQLFNHOSDWWHUQHGRQWR
DJODVVPLFURVFRSHVOLGHD3'06PLFURIOXLGLFFKDQQHODQGWZRSHUPDQHQWQHRG\PLXPPDJQHWV













DQGE LW LVREVHUYHGWKDW WKHILHOG LVVWURQJHVWDW WKHFHQWHUVDQGHGJHVRI WKHQLFNHOSDGVIRU
ERWKSDWWHUQVDQGWKXVLWLVSUHGLFWHGWKDWWKHPDMRULW\RIPDJQHWLFQDQRSDUWLFOHVZLOOEHWUDSSHG
DWWKHµZDUP¶ORFDWLRQVZLWKLQWKHSDWWHUQVZKHUHWKHPDJQHWLFIOX[GHQVLW\LVWKHVWURQJHVW6LQFH
HDFK PLFURSDG KDV LWV RZQ GLVWULEXWLRQ RI PDJQHWLF IOX[ GHQVLW\ WKHQ HDFK PLFURSDG FDQ EH
FRQVLGHUHG DV DQ LQGLYLGXDO PLFURPDJQHW WKHUHE\ FUHDWLQJ D VHULHV RI µPDJQHWLF PLFURZHOOV¶





ILHOG GLVWULEXWHG WR 1LSDGV ZLWK QPWKLFNQHVV VKRXOG GLVWULEXWH YHUWLFDOO\ ZLWK D KHLJKW RI
DSSUR[LPDWHO\P
7RIDEULFDWHWKHFKLSVWKHQLFNHOLVGHSRVLWHGRQWRDJODVVPLFURVFRSHVOLGHE\SKRWROLWKRJUDSK\
DQGHOHFWURQEHDPGHSRVLWLRQXVLQJDPHWKRGRORJ\GHULYHG IURP ,OLHYVNL HW DO%ULHIO\JODVV
VOLGHV DUH VSLQFRDWHG ZLWK /25 $ DQG 6 OLIWRII UHVLVWV DW  QP DQG  P









QLFNHO SDGV ZLWKLQ WKH FKDQQHO DUH QRW PDJQHWLFDOO\ DFWLYDWHG XQWLO WKH ILQDO ' SULQWHG
QHRG\PLXPPDJQHWKROGHULVSODFHGDURXQGWKHFKDQQHO
2.6 SERS analysis of pre-bound assay particles housed in magnetic microfluidic 
$  / VROXWLRQ FRQWDLQLQJ HTXDO YROXPHV RI  S0 RI HDFK RI WKH WDUJHW DQG SUREH




DVVHPEOHG QDQRSDUWLFOH FOXVWHUV ZHUH PDSSHG XVLQJ :L7HF 5DPDQ DQDO\VLV VRIWZDUH IRU FKLS
GHVLJQV $ 	 % DQG XVLQJ 7KHUPR6FLHQWLILF ';5 5DPDQ 2PQLF PDSSLQJ VRIWZDUH IRU FKLS
GHVLJQ&%RWKWKH:L7HFDQG7KHUPR6FLHQWLILF5DPDQPLFURVFRSHVXVHD[REMHFWLYH1$
 OLQHVPPJUDWLQJDQGDP:QPODVHUZKHUHDOO6(56PHDVXUHPHQWVZHUH





















KDYH ]HWD SRWHQWLDOV RI  P9 DQG  P9 UHVSHFWLYHO\ )LJ  LQGLFDWLQJ WKDW WKH 3(*
VSDFHUDQGWKH+(*PRGLILHGDSWDPHUSURYLGHDGHTXDWHSDUWLFOHVWDELOL]DWLRQLQWKH03%6
ELQGLQJEXIIHUEXWWKDWWKH&RGRSHGSDUWLFOHVZHUHVOLJKWO\OHVVVWDEOH
3.2 Analysis of competitive binding assay in a microwell 
 7KH 6(56 UHVSRQVH RI WKH SUREH DQG WDUJHW QDQRSDUWLFOHV DV WKH\ IRUP DVVHPEOHG DVVD\







WKH QDQRSDUWLFOHV FORVHU WRJHWKHU DV WKH '/6 LQGLFDWHV LQFUHDVHV WKH QHW ILHOG LQWHQVLW\ DV KRW
VSRWVIRUPZKLFKOHDGVWRWKHLQFUHDVH6(56LQWHQVLW\







IURP WKH %$'*( RQ WKH 013V LQ RUGHU WR PRUH IDYRUDEO\ ELQG WR IUHH %3$ 7KLV FDXVHV D
GHFUHDVH LQ WKH VROXWLRQ 6(56 VLJQDO GXH WR 0*,7& EHLQJ GLVSODFHG IXUWKHU IURP WKH
QDQRSDUWLFOHVXUIDFHLQWHUIDFHquantifiablyDVK\SRWKHVL]HGDQGDVGHPRQVWUDWHGLQ)LJXUHE








8VLQJ ' 5DPDQ PDSSLQJ WKH VWUDLJKW FKDQQHO FKLS $ SURYLGHG D PRUH XQLIRUP

















SODQDU ILHOG RI 1L ZKHQ FRPSDUHG WR DQ DUUD\ SDWWHUQ $GGLWLRQDO HUURU LQ WKH SDUWLFOH GHSWK
GLVWULEXWLRQ FRXOG EH GXH WR WKH IDFW WKDW RQO\ WKH SRO\GLVSHUVH XQVWDEOH $J#)H&R2 SUREH
DVVD\ ZDV WUDSSHG ZLWKLQ FKLS GHVLJQ $ :KLOH WKLV GHVLJQ ZDV VLPSOHU WR SDWWHUQ DQG WKH




EXIIHU H[FKDQJHV RU DXWRPDWH WKH FDSWXUH DQG HQKDQFHPHQW RI WKH VSHFWUD RI VSHFLILF
FRPSRQHQWVLQDFRPSOH[VROXWLRQ
&KLS GHVLJQ % FRQVLVWLQJ RI D  [  1LSDG DUUD\ ZDV DEOH WR WUDS WKH PRUH VWDEOH
$J#)H2 EDVHG DVVD\ &KLS % GHPRQVWUDWHG D IROG LPSURYHPHQW LQ WKH ORFDOL]HG 6(56
HQKDQFHPHQW)LJXUHDFURVVWKHQLFNHOSDGVZKHQFRPSDUHGWRFKLS$DQGWKXVWKHRUHWLFDOO\






 WKRXJK LQWHQVLW\PDSV LQ)LJXUH UHYHDO WKLV LVPDLQO\GXH D ODUJHU SRUWLRQRI SDUWLFOHV
ORFDWHGRQWRSURZRISDGV7KLVLVOLNHO\DGXHWRVHYHUDOLQFRPSOHWHQLFNHOSDGVLQWKHERWWRP
URZ ZKLFK SUHYHQW WKH PDJQHWLF ILHOG IURP SURSDJDWLQJ XQLIRUPO\ DFURVV WKH SDGV
8QIRUWXQDWHO\GHSWKSURILOHV IRUGHVLJQ%ZHUHXQDEOH WREHREWDLQHGDV WKH VPDOOSDG¶V ILHOG






SURSDJDWH LQ D PDQQHU WKDW SURYLGHV LQGLYLGXDO SDG ILHOGV VWURQJ HQRXJK WR WUDS WKH ZHDNO\
PDJQHWLF\HWVWDEOH$J#)H2EDVHGDVVD\ZKLOHDOVRSURYLGLQJXQLIRUP6(56HQKDQFHPHQWLQ
WKH =GLPHQVLRQ ,Q RWKHU ZRUGV LW LV GHVLUHG WKDW WKH FROORLG LV VXVSHQGHG LQ VROXWLRQ LQ WKH
FKDQQHO DQG WKDW SDUWLFOHV DUH QRW LUUHYHUVLEO\ DJJUHJDWHG E\ WKH ILHOG SXOOLQJ WKHP WRR FORVH










PDERYH WKHSDGVXUIDFHSURYLGHVDPSOH VSDFH IRUSDUWLFOH VXVSHQVLRQDQGYHULILHV WKDWDIWHU
ILOOLQJ WKH GULHG DVVD\ LQ WKH FKDQQHO ZLWK 3%6 WKH SDUWLFOHV DUH UHGLVSHUVHG  7KLV LV IXUWKHU
FRQILUPHGE\DQRYHUDOOGURSLQWKH6(56LQWHQVLW\ZKLFKUHPDLQHGVWHDG\RYHUKDIWHUWKHIXOO
 / RI SDUWLFOHV SDVVHG WKURXJK WKH FKLS $GGLWLRQDOO\ XSRQ LQWURGXFWLRQ RI  PJP/ RI
%3$DGUDVWLFGURSLQWKH6(56LQWHQVLW\DWFPZDVREVHUYHGDIWHUPLQXWHVFRQVLVWHQW
ZLWK WKH EHKDYLRU VHHQ ZKHQ WHVWLQJ WKH DVVD\ LQ WKH ZHOO SODWH DQG WKXV YDOLGDWLQJ WKH FKLSV
FDSDELOLW\IRUKRXVLQJDPROHFXODUO\PHGLDWHG6(56DVVD\
7RFRQILUPWKDWSDUWLFOHVZHUHQRWSHUPDQHQWO\ERXQGWRWKHQLFNHOSDGVGHSWKSURILOHV;=
RI FKLS GHVLJQ & ZHUH FROOHFWHG ZLWK DQG ZLWKRXW WKH V\ULQJH SXPS WXUQHG RQ DW  /PLQ
)LJXUH  :KHQ WKH SXPS LV RQ WKH SDUWLFOHV VLJQDO PRYHV ZLWK WKH GLUHFWLRQ RI IORZ
$OWKRXJKWKH&9DFURVVWKHHQWLUHFKDQQHOIRUGHVLJQ&LVVWLOOaDVZLWKGHVLJQ%ZKLOH
LQYHVWLJDWLQJ WKH VLJQDO YDULDELOLW\ DFURVV HDFK LQGLYLGXDO SDG LW ZDV GLVFRYHUHG WKDW WKH HUURU




$³WXUQRII´6(56DVVD\SODWIRUP PHWKRGRORJ\KDV EHHQGHVFULEHG IRU WKHGHWHFWLRQRI VPDOO
WR[LQV XWLOL]LQJ DSWDPHUPHGLDWHG DVVHPEO\ RI FROORLGDO QDQRSDUWLFOHV LQWR QDQR FOXVWHUV 7KLV
FROORLGDO6(56DVVD\LVIRUPHGWKURXJKWKHPL[LQJRISUREHDQWLJHQDQGWDUJHWDSWDPHUG\H
QDQRSDUWLFOHV DQG UHDFKHV DQ HTXLOLEULXP DIWHU a K $  PLQ FRPSHWLWLYH ELQGLQJ HYHQW
LQLWLDWHGE\WKHSUHVHQFHRIDVOLWWOHDV/RIQ0ELVSKHQRO$LQIUHHVROXWLRQZDVPRQLWRUHG

,W ZDV GHWHUPLQHG WKDW WKH SUREH QDQRSDUWLFOHV KDYH VSHFLILF SUHIHUHQFH IRU WKH %3$ DSWDPHU
WDUJHWSDUWLFOHVDQGWKDWWKHSDUWLFOHVFRPSHWLWLYHO\ELQGZLWKIUHH%3$DVZHOOLPSO\LQJWKDWQR
QRQVSHFLILF ELQGLQJ RFFXUUHG 7KLV DSSURDFK KDV WKH SRWHQWLDO WR EH WUDQVODWHG WR DQ\
DSWDPHUDQWLJHQ SDLU DQG SURYLGHV WKH DGGHG EHQHILW RI PDJQHWLF PDQLSXODWLRQ RI WKH






V\QWKHVLVPHWKRG IRU WKH IHUULF FRUH8VLQJ'5DPDQPDSSLQJ WKH VWUDLJKW FKDQQHO FKLS$




:KLOH WKH QLFNHO SDG DUUD\ FKDQQHO FKLS GHVLJQ % ZDV DEOH WR FDSWXUH WKH GHVLUDEOH
$J#)H2 SDUWLFOHV DQG GHPRQVWUDWHG D ODUJHU 6(56 HQKDQFHPHQW DQG WKXV D ORZHU RYHUDOO
OLPLWRIGHWHFWLRQ LWKDGH[WUHPHYDULDELOLW\EHWZHHQ LWVSDGV)RU WKHFKLS&GHVLJQXVLQJ
ODUJHUP[PVTXDUHSDGVLWZDVIRXQGWKDWWKHSDGWRSDGYDULDELOLW\FRXOGEHUHGXFHG
WR  WKURXJK QRUPDOL]DWLRQ WR WKH PD[LPXP LQWHQVLW\ ZLWKLQ D SDG $GGLWLRQDOO\ LW ZDV
GHPRQVWUDWHGWKDWWKLVXQLIRUPVLJQDOFRXOGEHREWDLQHGDVIDUDVPIURPWKHVXUIDFHRIWKH
QLFNHO SDGV DQG ZDV DEOH WR GHPRQVWUDWH WKH GHVLUHG ³6(56 RII´ DVVD\FRPSHWLWLYH ELQGLQJ
UHVSRQVHWR%3$7KHUHIRUHWKHFKLS&GHVLJQXVHGLQFRQMXQFWLRQZLWKWKH)H2PDJQHWLFFRUH

YDULHWDO RI WKH SUREH QDQRSDUWLFOH ZDV WKH PRVW VXFFHVVIXO LWHUDWLRQ RI WKH H[SHULPHQW IRU
PRQLWRULQJ %3$ 'XH WR WKH LQWULQVLF SURSHUWLHV RI FROORLGDO SODVPRQLF QDQRSDUWLFOHV WKLV






7KH DXWKRUV ZLVK WR DFNQRZOHGJH WKH ILQDQFLDO VXSSRUW IURP WKH 1DWLRQDO ,QVWLWXWH RI
(QYLURQPHQWDO +HDOWK 6FLHQFHV RI WKH 1DWLRQDO ,QVWLWXWHV RI +HDOWK XQGHU JUDQWV QXPEHU
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